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© Fit type CCD image sensor. 



© A charge coupled device image sensor is com- 
prised of an imaging section (31) including a plurality 
of photoelectric converting sections (34) arrayed in a 
matrix configuration for generating signal charges 
and a plurality of horizontal shift registers (35) ar- 
ranged between the horizontal rows of the pho- 
toelectric converting sections (34) for transferring the 
signal charges via a readout section in the horizontal 
direction, a storage section having a plurality of 
horizontal shift registers (43ai ..;) for transferring the 



signal charges in the horizontal direction and in the 
vertical direction line by line, a readout section (33) 
coupled to the storage section and including a plu- 
rality of horizontal shift registers for reading out 
signal charges from the storage section, and a 
serial-to-parallel converting section (45) provided be- 
tween the imaging section and the storage section 
for storing one-line of signal charges from the imag- 
ing section into double-line of image signal. . . 
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Field of the Invention 

The present invention generally relates to solid 
state image sensors and, more particularly, to a 
solid state image sensor or charge coupled device 
image sensor of an FIT (frame-interline transfer) 
type. 

Description of the Prior Art 

An example of a vertical FIT type solid state 
image sensor according to the prior art is shown in 
FIGS. 1 through 3. 

Throughout FIGS. 1 to 3, reference numeral 1 
designates an image pickup or imaging section, 2 a 
storage section, and 3 an output section, that is, a 
horizontal shift register section of a CCD (charge 
coupled device) structure, respectively. The imag- 
ing section 1 is formed of a number of light receiv- 
ing elements or photoelectric-converting elements 
4 arranged in a matrix fashion and a vertical shift 
register 5 of a CCD structure for transferring signal 
charges of the light receiving elements 4 in the 
vertical direction and located on one side of each 
of vertically arrayed light receiving elements 4. The 
storage section 2 is located under the imaging 
section 1 in the vertical direction and adapted to 
temporarily store the signal charges generated in 
the imaging section 1. The storage section 2 is 
comprised of a plurality of vertical shift registers 6 
of CCD structure which correspond to the vertical 
shift registers 5 of the imaging section 1 in a one- 
to-one relation (1 : 1). 

Each of the vertical shift registers 5 and 6 in 
the imaging section 1 and the storage section 2 
employs a 4-phase driving system and is con- 
trolled, for example, by 4-phase drive pulses tf>IMi, 
<*>IM 2 , <f>IM 3 , 4>llvU and *STi, <f>ST 2 , <£ST 3 , 4>ST*. 
As shown in FIG. 2, four transfer sections VR (VFh , 
VR 2 , VR 3 , VR4), each having a transfer electrode 
are made 1 bit. in the vertical shift register 5 of the 
imaging section 1 , two transfer sections VR1 1 VR 2 
and two transfer sections VR 3 , VR 4 correspond to 
the light receiving elements 4, respectively. Be- 
tween each of the light receiving elements 4 and 
the vertical shift register 5, there is provided a 
read-out gate section (ROG) 7. In FIG. 2, hatched 
areas 8 represent channel stop regions. The hori- 
zontal shift register 3 of the output section em- 
ploys, for example, a 2-phase drive system in 
which it is controlled by 2-phase drive pulses <f>Hi 
and <f>H 2 . In the horizontal shift register 3, a first 
storage section sti , a first transfer section tri , a 
second storage section st2 and a second transfer 
section tr 2 form one bit and this 1 bit corresponds 
to one vertical shift register 6 of the storage section 
2. 

FIG. 3 is a cross-sectional view taken along the 



line A - A in FIG. 2. In the horizontal shift register 
3 t on the surface of a P-type silicon substrate 11 
formed is an N-type buried channel layer 12, and 
transfer electrodes 14 are formed through an in- 
5 sulating film 13 on the buried channel layer 12, 
thus the respective transfer sections, that is, the 
first storage section sti , the first transfer section 
tn, the second storage section st 2 and the second 
transfer section tr 2 being formed. The transfer elec- 
70 trodes 14 of first storage section sti and first trans- 
fer section tn are connected commonly to a bus 
line to which the drive pulse <f>Hi is applied, while 
the transfer electrodes 14 of second storage sec- 
tion s\2 and second transfer section tr 2 are com- 
15 monly connected to a bus line to which the drive 
pulse <£H 2 is applied. 

In the vertical type FIT solid state imaging 
element 15, during the vertical blanking period, the 
signal charges of the light receiving elements 4 are 
20 read out to the vertical shift registers 5 through the 
read-out gate sections 7, transferred through the 
vertical shift registers 5 and then temporarily stored 
in the storage section 2. At every horizontal blan- 
king period, the signal charge at every horizontal 
25 line is transferred from the storage section 2 to the 
horizontal shift register section 3. The signal 
charge of one horizontal line transferred to the 
horizontal shift register section 3 is transferred in 
the horizontal direction in the horizontal shift regis- 
30 ter section 3 and then outputted. 

FIG. 4 shows an example of a horizontal type 
FIT solid state imaging element 16 (described in 
Japanese Laid-Open Patent Publication No. 61- 
125077). This horizontal type FIT imaging element 
35 16 is formed such that the storage section 2 is 
located at one side of imaging section 1 in the 
horizontal direction and the horizontal shift register 
section 3 of the output section is located at the 
lower side of the storage section 2 in the vertical 
40 direction. In the imaging section 1, a number of 
light receiving elements 4 are arrayed in a matrix 
configuration and at one side of each row of 
horizontally-arrayed light receiving elements 4, 
there is located a horizontal shift register 17 which 
45 corresponds to the vertical shift register 5 of the 
former example. The horizontal shift register 17 
can employ a 3-phase drive system which is con- 
trolled, for example, by 3-phase drive pulses <f>IMi , 
4>\M 2 and <f>IM 3 shown in FIG. 4. In this case, as 
50 shown in FIG. 5, three transfer sections VR (VRt , 
VR 2? VR 3 ), each having a transfer electrode, are 
made as 1 bit and this 1 bit corresponds to each 
light receiving element 4. The signal charge from 
each of the light receiving elements 4 is transferred 
55 to the horizontal shift register 17 through the read- 
out gate section (ROG) 7, transferred in the hori- 
zontal direction and then stored in the storage 
section 2 temporarily. 
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The storage section 2 comprises a plurality of 
horizontal shift registers 18 which correspond to 
the horizontal shift registers 17 in the imaging 
section 1 at one-to-one relation (1 : 1). The adja- 
cent horizontal shift registers 18 are coupled 
through a gate section (transfer channels SR& con- 
trolled by a gate electrode) 19 for transferring the 
signal charge in the vertical direction as shown in 
FIG. 5. Each of the horizontal shift registers 18 
employs, for example, a 4-phase drive system 
which is controlled by 4-phase drive pulses <f>STi , 
<#>ST 2t <#>ST 3 , <f>ST 4 and in which four transfer sec- 
tions SR (SRi, SR 2 , SR 3 , SFU) are made as 1 bit 
and two transfer sections SR2, SR1 in the upper 
horizontal shift registers 18 are coupled through the 
gate section 19 to two transfer sections SR4, SR3 
in the adjacent lower horizontal shift register 18. 
Since the respective transfer sections SR1 , SR2, 
SR3, SR* of each of the horizontal shift registers 
18 are respectively formed in correspondence to 
one another in the vertical direction, the gate sec- 
tion 19 is formed in a slant direction in order to 
couple the transfer sections which are displaced 
each other by a half bit. In the storage section 2, 
the vertical transfer of the signal charge to the 
output side thereof (to the horizontal shift register 
section 3) is carried out in a so-called zigzag 
fashion in which the charges in the transfer sec- 
tions SR2, SRi are transferred to the transfer sec- 
tions SR4, SR3 by a half bit in the horizontal 
direction and then transferred to the transfer sec- 
tions SR2 , SRi of the lower stage of the horizontal 
shift register 18. 

The horizontal shift register section 3 of the 
output section is formed of two horizontal shift 
registers, namely, a first horizontal shift register 20 
and a second horizontal shift register 21. The first 
and second horizontal shift registers 20 and 21 are 
coupled through a gate section (Le., a transfer 
channel controlled by a gate electrode) 22. Each of 
the first and second horizontal shift registers 20 
and 21 employ, for example, 2-phase drive system 
which is controlled by 2-phase drive pulses <£Hi 
and <£H 2 . In this case, a first storage section sti, a 
first transfer section tri , a second storage section 
st2 and a second transfer section tr 2 form one bit 
which corresponds to one bit of the horizontal shift 
register 18 of the storage section 2. The second 
storage and transfer sections st2 and tr 2 of the first 
horizontal shift register 20 are coupled to the first 
storage and transfer sections sti and tri of the 
second horizontal shift register 21 through the gate 
section 22. In that case, the corresponding storage 
and transfer sections of the first and second hori- 
zontal shift registers 20 and 21 are formed to 
correspond to one another in the vertical direction 
so that the gate section 2 is formed to be inclined. 

In the horizontal shift register section 3, there is 



line-transferred the signal charge of the horizontal 
line from the storage section 2. That is, signal 
charges of the light receiving elements 4 on, for 
example, an odd horizontal line are transferred to 

5 the first horizontal shift register 20, while the signal 
charges of the light receiving elements 4 on an 
even horizontal line are transferred to the second 
horizontal shift register 21. Then, these signal 
charges are transferred at the same time in the 

10 horizontal direction so that the signal charges of 
two horizontal lines are outputted simultaneously. 

In the horizontal type FIT solid state imaging 
elements 16, since the horizontal pitch (i.e., one bit 
distance) of the horizontal shift registers 18 in the 

J5 storage section 2 does not depends on the light 
receiving system, the horizontal pitch 16 can be 
designed freely. Thus, the horizontal pitch of the 
horizontal shift register section 3 at the output 
section can be designed with a room. Therefore, 

20 even when the imaging section 1 is made high in 
image density, the horizontal shift registers 20 and 
21 of the output section can be formed. Thus, it is 
possible to make the FIT type solid state imaging 
element with high image density. 

25 In the vertical type FIT solid state imaging 

element 15, as shown in FIG, 6, a width Wi of one 
pixel (one cell) a of the imaging section 1 cor- 
responds to a transfer channel width W2 of the 
vertical shift register 6 in the storage section 2 and 

30 then a horizontal pitch (i.e., length of one bit) X1 of 
the horizontal shift register section 3 at the output 
section is determined correspondingly. Therefore, if 
the number of pixels, particularly the number of 
pixels in the horizontal direction is increased, then 

35 the length X1 of one bit in the horizontal shift 
register section 3 is reduced, which requires a fine 
pattern technique. Further, the transfer channel 
width W 2 of the vertical shift register 6 is reduced 
so that various problems such as the deterioration 

40 of transfer efficiency or the like occur. 

In the horizontal type FIT solid state imaging 
element 16, if as shown in FIG. 7 the area of one 
pixel (one cell) a in the imaging section 1 is se- 
lected to be the" same as that of FIG. 6, then a 

45 horizontal pitch (i.e., one bit length) P of the hori- 
zontal shift registers 18 in the storage section 2 
can be increased so that a horizontal pitch (one bit 
length) X2 of the horizontal shift register section 3 
at the output section can also be increased. Thus, 

50 the solid state imaging element 16 can be made 
high in pixel density. However, when the horizontal 
pitch P of the horizontal shift registers 18 in the 
storage section 2 is selected to be long, then the 
chip size of the whole solid state -imaging element 

55 becomes large and the ratio between the width W 
and the length L of the horizontal shift register 18 
is reduced so That the transfer efficiency of the 
storage section 2 in the frame transfer (i.e., when 
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the signal charge is transferred from the imaging 
section 1 to the storage section 2) is lowered. 

On the other hand, when the horizontal pitch P 
in the storage section 2 is selected to be smaiT 
then the ratio between the width W and the length 
L in the frame transfer is increased. However, the 
ratio between the width W and the length L of the 
transfer channel during a~so-called line transfer in 
which the signal charge is transferred from the 
imaging section 2 to the horizontal shift register 
section 3 is reduced (in an inverse proportion fash- 
ion) and hence the transfer efficiency is lowered. 
Further, when the density of pixels is increased, 
then the number of pixels in the horizontal direction 
is increased so that the frame transfer frequency in 
the storage section 2 and the horizontal transfer 
frequency in the horizontal shift register section 3 
are increased, which needs large electric power. 

OBJECTS AND SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide a solid state image sensor which 
can eliminate the disadvantages encountered with 
the prior art. 

It is another object of the present invention to 
provide a solid state image sensor whose chip size 
can be reduced when a density of pixels is in- 
creased. 

It is a further object of the present invention to 
provide a solid state image sensor in which the 
horizontal transfer frequency of a horizontal shift 
register section and the frame transfer frequency of 
a storage section can be lowered. 

According to an aspect of the present inven- 
tion, a charge coupled device image sensor is 
comprised of an imaging section including a plural- 
ity of photoelectric converting sections arrayed in a 
matrix configuration for generating signal charges 
and a plurality of horizontal shift registers arranged 
between the horizontal rows of the photoelectric 
converting sections for transferring the signal 
charges via a readout section in the horizontal 
direction, a storage section having a plurality of 
horizontal shift registers for transferring the signal 
charges in the horizontal direction and in the verti- 
cal direction line by line, a readout unit coupled to 
the storage section and including a plurality of 
horizontal shift registers for reading out signal 
charges from the storage section, and a serial-to- 
parallel converter provided between the imaging 
section and the storage section for storing one-line 
of signal charges from the imaging section into 
double-line of signal charges. 

The above and other objects, features, and 
advantages of the present invention will become 
apparent from the following detailed description of 
an illustrative embodiment thereof to be read in 



conjunction with the accompanying drawings, in 
which like reference numerals are used to identify 
the same or similar parts in the several views. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view illustrative of a structure of 
an example of a conventional vertical type FIT 
solid state imager; 
70 FIG. 2 is a plan view illustrative of a main 
portion of FIG. 1 ; 

FIG. 3 is a cross-sectional view taken through 
the line A - A in FIG. 2; 

FIG. 4 is a plan view illustrative of a structure of 
75 an example of a conventional horizontal type FIT 
solid state image sensor; 

FIG. 5 is a plan view of a main portion of FIG. 4; 
FIG. 6 is an explanatory diagram of FIG. 1 ; 
FIG. 7 is an explanatory diagram of FIG. 4; 
20 FIG. 8 is a plan view illustrative of a structure of 
an embodiment of a horizontal type FIT solid 
state image sensor according to the present 
invention; 

FIG. 9 is a plan view of a main portion of FIG. 8; 
25 and 

FIG. 10 is a plan view illustrating another em- 
bodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
30 MENT ~ 

An embodiment of a horizontal type FIT solid 
state image sensor 46 according to the present 
invention will be described with reference to FIGS. 

35 8 and 9. 

In the figures, reference numeral 31 denotes an 
imaging section, 32 a storage section which tem- 
porarily stores the signal charges from the imaging 
section 31 and is located at one side of the imag- 

40 ing section 31 in the horizontal direction, and 33 a 
horizontal shift register section of an output section 
which is located under the storage section 32. The 
image section 31 is formed of a number of imaging 
or light receiving elements 34 arrayed in a matrix 

45 configuration and a horizontal shift register 35 of a 
CCD structure located on one side of each of the 
rows of horizontally-arranged light receiving ele- 
ments 34 for transferring the signal charges from 
the light receiving elements 34 to the storage sec- 

50 tion 32. A read-out gate (ROG) 37 is provided 
between each of the light receiving elements 34 
and the horizontal shift register 35 for reading out 
the signal charge from each light receiving element 
34 and transferring the same to the horizontal shift 

55 register 35. Each of the horizontal shift registers 35 
employs, for example, a 3-phase drive system 
which is controlled by 3-phase drive pulses <^IMi, 
4>IM2, <#>IM 3 and in which three transfer sections VR 
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(VR 1t VR 2 , VR 3 ), each having a transfer electrode, 
are made as one bit and this one bit corresponds 
to each light receiving element 34. 

In the storage section 32, a plurality of cells 
(i.e.. two cells bi , b 2 in this embodiment) cor- 
responds to one pixel (one cell) a of the imaging 
section 31 in the vertical direction. Accordingly, in 
order that the light receiving elements 34 arranged 
in one horizontal line (row) of the imaging section 
31 correspond with a plurality of horizontal shift 
registers, in this embodiment, two horizontal shift 
registers 38a, 38b, a plurality of the horizontal shift 
registers 38 are provided. Therefore,* the number of 
cells of each horizontal shift register 38 in the 
horizontal direction is 1/2 of the number of light 
receiving elements 34 of each horizontal line in the 
imaging section 31 in the horizontal direction. The 
signal charges of one horizontal line in the imaging 
section 31 are stored through a serial-to-parallel 
converting section 40, which will be described later, 
in two horizontal shift registers 38a, 38b in a di- 
vided condition. That is, the signal charges at every 
other light receiving elements 34 of one horizontal 
line are stored in the first horizontal shift register 
38a, while the signal charges at the remaining 
every other light receiving elements 34 of the same 
horizontal line are stored in the second horizontal 
shift register 38b. 

Each of the horizontal shift registers 38 em- 
ploys, for example, a 4-phase drive system which 
is controlled by 4-phase drive pulses <f>STi, 4>ST 2 , 
<J>ST 3 , 4>STa and in which four transfer sections SR 
(SRi, SR2, SR3, SFU), each having a transfer elec- 
trode, are made as one bit. The adjacent horizontal 
shift registers 38 (38a t 38b) in the vertical direction 
are coupled through a gate section (i.e., a transfer 
channel SR5 controlled by a gate electrode to 
which an independent gate voltage is applied) 39. 
This gate section 39 is formed between two trans- 
fer sections SR 2 and SRi forming a half bit of the 
upper horizontal shift register 38a and two transfer 
sections SR 4 , SR3 forming a half bit of the lower 
horizontal shift register 38b. Since the respective 
transfer sections SRi , SR 2 , SR 3 . SR* of each hori- 
zontal shift register 38 are formed in correspon- 
dence with one another in the vertical direction, the 
gate section 39 is inclined so as to couple the 
transfer sections which are displaced by a half bit. 

In the serial-to-parallel converting section 40, 
as shown in FIG. 9, transfer sections VRi and VR 2 
are so provided in the vertical direction that they 
correspond to two horizontal shift registers 38a, 
39b in the storage section 32, and a gate section 
(i.e., a transfer channel a controlled by a gate 
electrode to which an independent gate voltage is 
applied) is provided between the transfer section 
VR 2 which corresponds to the first horizontal shift 
register 38a and the transfer section VR1 which 



corresponds to the second horizontal shift register 
38b. 

Further, the transfer section VRi corresponding 
to the first horizontal shift register 38a at the upper 

5 stage is coupled to the last stage of transfer sec- 
tion VR 3 of the horizontal shift register 35 in the 
imaging section 31. At the former stages of the first 
and second horizontal shift registers 38a, 38b in 
the storage section 32, which former stages contact 

70 with the serial-to-parallel converting section 40, 
gate sections /J are formed, respectively. 

In the horizontal shift register section 33 of the 
output section, there are provided two sets of hori- 
zontal shift registers one set of which is formed of 

75 two horizontal shift registers 43a, 43b, that is, to- 
tally four horizontal shift registers 43 (43 a i. 43 b1 , 
43 a2 , 43t2) in correspondence with the first and 
second horizontal shift registers 38a, 38b in the 
storage section 32. 

20 Each of the four horizontal shift registers 43 

employs a 2-phase drive system which is con- 
trolled by 2-phase drive pulses 4>Hi, <#>H 2 and in 
which four transfer sections, namely, a first storage 
section sti, a first transfer section tri, a second 

25 storage section st 2 and a second transfer section 
tr 2 form one bit. In this case, the storage section 
sti , the transfer section tri , the storage section st2 
and the transfer section tr 2 are so formed that they 
correspond to the transfer sections SRi, SFb, SR 3 . 

30 and SR4 in the storage section 32, respectively. 

The adjacent horizontal shift registers 43 in the 
vertical direction are coupled by a gate section 
(i.e., a transfer channel y which is controlled by a 
gate electrode supplied with an independent gate 

35 voltage) 44. That is, the second storage section st2 
and the second transfer section tr 2 of the upper 
stage of horizontal shift register 43 are coupled to 
the first storage section sti and the first transfer 
section tri of the lower stage of horizontal shift 

40 register 43 by the gate section 44. 

At the last stage of the horizontal shift register 
section 33, there is provided a serial-to-parallel 
converting section 45 of an inverse conversion type 
relative to the serial-to-parallel converting section 

45 40 to return the signal charges of each set of 
horizontal shift registers 43a, 43b to the signal 
charges of one horizontal line. In the illustrated 
embodiment, the above conversion is carried out 
by switching means. The transfer sections SR*, 

50 SR3 of the lowermost horizontal shift register 38 in 
the storage section 32 are coupled to the first 
storage section sti and the first transfer section tri 
of the uppermost horizontal shift register 43 in the 
horizontal shift register section 33 through the gate 

55 section 39. In FIG. 9, a hatched area 48 is a 
channel stopper region. 

Operation of the solid state image sensor 46 
will be described below. 
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During the vertical blanking period, the signal 
charges from all the light receiving elements 34 of 
the imaging section 31 are transferred to the hori- 
zontal shift registers 35 through the read-out gate 
sections 37 (all pixels are read out), transferred 
through the horizontal shift registers 35 to the stor- 
age section 32 and then temporarily stored therein. 
At that time, the signal charges transferred through 
the horizontal shift registers 35 in the imaging 
section 31 are divided by the serial-to-parallel con- 
verting section 40 into the signal charges of every 
other light receiving elements (odd-numbered ele- 
ments) 34 of one horizontal line and into the signal 
charges of remaining every other light receiving 
elements (even-numbered elements) 34 of the 
same horizontal line. By way of example, the signal 
charges of odd-numbered light receiving elements 
34 are transferred through the gate section 41 to 
the lower stage transfer section VR 2 , while the 
signal charges of the even-numbered light receiv- 
ing elements 34 are transferred to the upper stage 
transfer section VR 2 . Then, both signal charges are 
transferred at the same time through the gate sec- 
tions 42 (0) to the corresponding horizontal shift 
registers 38a and 38b in the storage section 32, 
respectively. The above transfer of signal charges 
is repeated so that the signal charges are trans- 
ferred to the storage section 32 in a so-called 
frame transfer fashion. 

At the completion of the frame transfer of sig- 
nal charges, the signal charges of the light receiv- 
ing elements 34 on each horizontal line or row are 
distributed to the first and second horizontal shift 
registers 38a and 38b in the storage section 32. 
The signal charge of the odd-numbered light re- 
ceiving elements 34 on the horizontal line are se- 
quentially stored in the respective cells of the sec- 
ond horizontal shift registers 38b, while the signal 
charges of the even-numbered light receiving ele- 
ments 34 on the same horizontal line are sequen- 
tially stored in the respective cells of the first 
horizontal shift register 38a. That is, as shown in 
FIG. 8, as to the signal charges en to ei6 of one 
horizontal line, odd-numbered signal charges ei 1 , 
ei3, eis are stored in the second horizontal shift 
register 38b, while the even-numbered signal 
charges ei 2 , ei4, eie are stored in the first horizon- 
tal shift register 38a. 

Then, at every horizontal blanking period, the 
signal charges of two horizontal lines are trans- 
ferred from the storage section 32 to the horizontal 
shift register section 33 at the output section in a 
line transfer fashion in which the signal charges of 
the first and second horizontal shift registers 38a 
and 38b are taken as the signal charges of one 
horizontal line. In the storage section 32, the signal 
charges of the transfer sections SR 2 , SRi are 
transferred to the transfer sections SR4, SR3 by a 



half bit in the horizontal direction and then trans- 
ferred to the transfer sections SR 2 , SR1 of the 
lower stage horizontal shift register 38 through the 
transfer channel SRs of the gate section 39 in a 
5 zigzag fashion in the vertical direction. In the hori- 
zontal shift register 33, after the signal charge of 
the first storage section sti is transferred to the 
second storage section sb by a half bit in the 
horizontal direction, the signal charge is transferred 

10 through the transfer channel y of the gate section 
44 to the first storage section sti of the horizontal 
shift register 43 at the lower stage in a zigzag 
fashion in the vertical direction. As a result, in the 
storage section 32, the signal charges of the first 

75 and second horizontal shift registers 38a, 38b cor- 
responding to one horizontal line (e.g., the even- 
numbered horizontal line) are transferred to the 
third and fourth horizontal shift registers 43^, 43 b2 
in the output section. The signal charges of the first 

20 and second horizontal shift registers 38a and 38b 
corresponding to the next one horizontal line (e.g., 
the odd-numbered horizontal line) are transferred to 
the first and second horizontal shift registers 43 a i 
and 43 b i at the output section, respectively. 

25 In the horizontal shift register section 33, the 

signal charges in the first to fourth horizontal shift 
registers 43 a i to 43^ are transferred in the horizon- 
tal direction, and then from the first serial-to-parallel 
converting section 45, there are alternately deliv- 

30 ered the signal charges of the first and second 
horizontal shift registers 43 al and 43 bl , while from 
the second serial-to-parallel converting section 45, 
there are alternately delivered the signal charges of 
the third and fourth horizontal shift registers 43 a2 

35 and 43 b2 . Thus, the signal charges of the odd- and 
even-numbered horizontal lines are simultaneously 
delivered in the order of the signal charges on one 
horizontal line in the imaging section 31. More 
specifically, as shown in FIG. 8, the signal charges 

40 are delivered from the one output in the order of 
en, ei 2 , .... ei6, while from the other output in the 
order of e 2 i , e 22 , .... e 2 e, respectively. 

According to the horizontal type FIT solid state 
image sensor 46 having the above-mentioned 

45 structure, one pixel (cell) a of the imaging section 
31 corresponds to a plurality of cells arranged in 
the vertical direction in the storage section 32, or 
two cells b1 and b2 in this embodiment (see FIG. 
9) and the serial-to-parallel converting section 40 is 

so provided between the imaging section 31 and the 
storage section 32, whereby the signal charges on 
one horizontal line of imaging section 31 are stored 
in the two horizontal shift registers 38a and 38b in 
the divided state. Thus, the number of cells of the 

55 storage section 32 in the horizontal direction can 
be reduced to 1/2 of the number of cells of the 
prior-art horizontal FIT solid state image sensor 1 6 
shown in FIG. 4. Therefore, since the total length of 
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the storage section 32 in the horizontal direction 
can be reduced as compared with the prior-art 
example shown in FIG. 4, the total chip size of the 
solid state image sensor of the present invention 
can be reduced. Further, since the number of cells 
of the storage section 32 becomes 1/2, the length 
of each cell in the horizontal direction can be 
increased on the contrary, which means that the 
horizontal length of the cell of the horizontal shift 
register section 33 at the output section can be 
increased. As a result, the fine pattern technique 
for the transfer electrode and so on of the horizon- 
tal shift register section 33 and the storage section 
32 can be avoided. 

Also, the ratio between the width W of the 
transfer section and its length L upon line transfer 
becomes twice as large as that of the prior-art 
example shown in FIG. 4, so that the transfer 
efficiency can be improved. Although the cell size 
of the storage section 32 in the horizontal direction 
is not dependent on the optical system, the free- 
dom in its vertical direction is increased. Further, 
the horizontal transfer frequency in the horizontal 
shift register section 33 and the frame transfer 
frequency in the storage section 32 can be re- 
duced to 1/2 of those of the prior-art example 
shown in FIG. 4. As a consequence, the transfer 
efficiency can be improved and also the amount of 
signal charges processed can be increased. 

As set forth above, since the freedom of de- 
signing the storage section 32 and the horizontal 
shift register section 33 at the output section can 
be improved both in the horizontal and vertical 
directions, it is possible to obtain the optimum eel! 
size of the storage section in view of the transfer 
efficiency, the amount of processed signal charges, 
the accuracy of the fine pattern technique and the 
chip size. Thus, the high pixel density can be 
promoted in this kind of solid state image sensor. 

In the embodiment of the present invention 
shown in FIGS. 8 and 9, although one storage 
section 32 is disposed at one side of the imaging 
section 31 in the horizontal direction, the storage 
section 32 may be provided at both sides imaging 
section 31. This example is shown in FIG. 10. 

In this example, first and second storage sec- 
tions 32A and 32B are located at both sides of the 
imaging section 31 in the horizontal direction t and 
first and second horizontal shift register sections 
33A and 33B of the output section are respectively 
located beneath the first and second storage sec- 
tions 32A and 32B. The imaging section 31 of this 
embodiment comprises the eight receiving ele- 
ments 34 the number of which is the same as that 
of the imaging section 31 shown in FIG. 8 and the 
horizontal shift registers 35 corresponding to re- 
spective horizontal rows of the light receiving ele- 
ments 34 (in FIG. 10, for the sake of explanation 



the number of light receiving elements 34 on each 
horizontal row is 8)). 

In this embodiment, the first storage section 
32A comprises two cells in the vertical direction for 

5 one pixel (one cell) of the imaging section 31 and 
four horizontal shift registers 38 (38a, 38b, 38c, 
38d) for each of odd-numbered horizontal lines in 
the imaging section 31. A first serial-to-parallel con- 
verting section 40A is provided between the first 

w storage section 32A and the imaging section 31. 
The second storage section 32B comprises four 
horizontal shift registers 38 (38a, 38b, 38c, 38d) for 
each of even-numbered horizontal lines symmetri- 
cal with respect to the first storage section 32A and 

75 a second serial-to-parallel converting section 40B is 
provided between the second storage section 32B 
and the imaging section 31. 

Each of the first and second horizontal shift 
register sections 33A and 33B at the output section 

20 has four horizontal shift register sections 43 (43a, 
43b, 43c, 43d) corresponding to the four horizontal 
shift registers 38 of each of the first and second 
storage sections 32A and 32B and whose structure 
is similar to that shown in FIG. 9A. At the final 

25 stages of the horizontal shift register sections 33A, 
33B, there are respectively provided serial-to-par- 
allel converting sections of inverse conversion type 
(e.g., switching means similar to those of FIG. 9) 
45A, 45B to return the signal charges from the 

30 horizontal shift register 43a through 43d to the 
signal charges of-one horizontal line and then de- 
liver the same. 

In the imaging section 31, except for the fact 
that the averaging order of the transfer sections 

35 VRi to VR 3 of the horizontal shift registers 35 on 
the odd- and even-numbered horizontal lines are 
inverted to transfer the signal charges in the op- 
posite directions, its remaining structure is substan- 
tially the same as that of the imaging section 31 

40 shown in FIG. 9. 

Even in the first and second storage sections 
32A and 32B, the averaging order of the transfer 
sections SRi to SFU of each of the horizontal shift 
registers 38 is inverted to transfer the signal 

45 charges in the opposite directions in the horizontal 
direction and the remaining structure thereof is 
substantially the same as that of the storage sec- 
tion 32 shown in FIG. 9. In the serial-to-parailel 
converting sections 40A and 40A, which divide the 

so signal charges of the light receiving elements 34 
on one horizontal line in the imaging section 31 
into four horizontal shift registers 38a to 38d of 
each of the storage sections 32A and 32B, the 
transfer sections VRi , VFfe are made as 1 cell and 

55 the cell number thereof is increased to 4 and the 
transfer sections VRi, VR 2 are arranged so as to 
transfer the signal charges in the opposite direc- 
tions vertically. The remaining structure thereof is 
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substantially the same as that of serial-to-parallel 
converting section 40 shown in FIG. 9. 

According to the horizontal FIT type solid state 
image sensor 47 arranged as above, during the 
vertical blanking period, the signal charges of the 
light receiving elements 34 of the odd-numbered 
horizontal lines in the imaging section 31 are read 
out to the horizontal shift register 35, transferred to 
the left-hand side horizontally as shown in FIG. 10 
and then respectively transferred to the four hori- 
zontal shift registers 38a to 38d of the first storage 
section 32A through the serial-to-parallel converting 
section 40 A in a divided form so as to be stored 
therein. The signal charges en to eia of the odd- 
numbered horizontal lines, for example, are stored 
in the first to fourth horizontal shift registers 38a to 
38d as shown in FIG. 10. Simultaneously, the sig- 
nal charges of the light receiving elements on the 
even-numbered horizontal lines in the imaging sec- 
tion 31 are read out to the horizontal shift register 
35, horizontally transferred to the right-hand side of 
FIG. 10, respectively transferred through the sec- 
ond serial-to-parallel converting section 40B to the 
corresponding four horizontal shift registers 39a to 
38d of the second storage section 32B in a divided 
form and then stored therein. The signal charges 
e2i to e28 of the even-numbered horizontal lines, 
for example, are respectively stored in the first to 
fourth horizontal shift registers 38a to 38d as 
shown in FIG. 10. 

Next, during the horizontal blanking period, the 
signal charges of the four horizontal shift registers 
38a to 38d of the respective storage sections 32A 
and 32B are respectively transferred to the four 
horizontal shift registers 43a to 43d of the first and 
second horizontal shift register sections 33A and 
33B. Then, the signal charges are simultaneously 
transferred within the respective horizontal shift 
registers 43a to 43d, alternately outputted from the 
serial-tOTparallel converting sections 45A and 45B, 
outputted from the first horizontal shift register sec : 
tion 33A in the order of the signal charges on the 
odd-numbered horizontal lines in the imaging sec- 
tion 31 and then simultaneously outputted from the 
second horizontal shift register section 33B in the 
order of the signal charges on the even-numbered 
horizontal shift register. More specifically, the first 
horizontal shift register section 33A outputs the 
signal charges en to ei 8 of the odd-numbered 
lines and the second horizontal shift register sec- 
tion 33B outputs the signal charges e^i to e28 of 
the even-numbered lines, respectively. 

According to the horizontal FIT type solid state 
image sensor element 47 thus arranged, the hori- 
zontal transfer frequencies of the horizontal shift 
register sections 33A, 33B and the frame transfer 
frequencies of the storage sections 32A, 32B are 
lowered to 1/2 as compared with those of the solid 



state imaging element 46 of FIG. 8, accordingly, 
1/4 as compared with those of the conventional 
solid state image pickup element of FIG. 4, thereby 
the transfer efficiency being increased and the 
5 amount of signal charges to be treated being in- 
creased. Further, since the storage sections 32A 
and 32B are symmetrically provided with respect to 
the imaging section 31, the center of the chip 
constructing the solid state image sensor element 
70 can be made closer to the optical center. 

While the two horizontal shift registers 38a, 38b 
are provided in the storage section 32 for the light 
receiving element of one horizontal line so as to 
allow the two cells to vertically correspond to one 

is pixel (one cell) of the imaging section 31 as shown 
in FIG. 8, a plurality of horizontal shift registers, for 
example, more than two horizontal shift registers 
are provided in one pixel (one cell) in a divided 
form such that a plurality of cells, for example, 

20 more than two cells correspond vertically to one 
pixel (one cell). Simultaneously, the horizontal shift 
registers the number of which corresponds to the 
number of the divided horizontal shift registers are 
provided in the horizontal shift register section 33. 

25 According to the above-mentioned arrangement, 
the width W/lenght L of the transfer section upon 
line transfer is increased to become several times 
the divided number of more than 2 and the hori- 
zontal transfer frequency of the horizontal shift reg- 

30 ister section and the frame transfer frequency of 
the storage section can be reduced to 1 /divided 
number as compared with those of the prior art. 
Furthermore, if the similar divided number is pro- 
vided in FIG. 10, then the horizontal transfer fre- 

35 quency and the frame transfer frequency are re- 
duced to 1 /(divided number x 2) as compared with 
those of FIG. 8. 

According to the solid state image sensor of 
the present invention, the fine pattern technique of 

40 the horizontal shift register section in the output 
section, the transfer electrodes of the storage sec- 
tion or the like are not needed and the entire chip 
size constructing the solid state image sensor can 
be reduced. Also, the transfer efficiency upon line 

45 transfer can be increased. Further, the horizontal 
transfer frequency of the horizontal shift register 
section and the frame transfer frequency of the 
storage section can be reduced. Furthermore, the 
transfer efficiency can be increased and the 

so amount of signal charges to be processed can be 
optimized. In addition, the cell size of the storage 
section in the horizontal and vertical directions can 
be increased in freedom and the design of the 
same can be optimized with ease. Therefore, the 

55 density of pixels in the solid state image sensor 
can be increased more. 

Having described the preferred embodiment of 
the invention with reference to the accompanying 



8 



15 



EP 0 501 333 A2 



16 



drawings, it is to be understood that the invention 
is not limited to that precise embodiment and var- 
ious changes and modifications thereof could be 
effected by one skilled in the art without departing 
from the spirit or scope of the invention as defined 
in the appended claims. 

Claims 

1. A charge coupled device image sensor com- 
prising: 

(a) an imaging section (31) including a plu- 
rality of photoelectric converting sections 
(34) arrayed in a matrix configuration for 
generating signal charges and a plurality of 
horizontal shift registers (35) arranged be- 
tween the horizontal rows of the photoelec- 
tric converting sections for transferring the 
signal charges via a readout section in the 
horizontal direction; 

(b) a storage section (32) having a plurality 
of horizontal shift registers (38a, 38b) for 
transferring the signal charges in the hori- 
zontal direction and in the vertical direction 
line by line; 

(c) readout means (33) coupled to said stor- 
age section and including a plurality of hori- 
zontal shift registers (43ai ...) for reading out 
signal signal charges from said storage sec- 
tion; and 

(d) serial-to-parallel converting means (45) 
provided between said imaging section and 
said storage section for storing one-line of 
signal charges from said imaging section 
into double-line of signal charges. 

2. A charge coupled device image sensor accord- 
ing to claim 1„ in which each of the plurality of 
said horizontal shift registers of said storage 
section includes a gate portion at an input.side 
thereof. 

3. A charge coupled device image sensor accord- 
ing to claim 2 t in which said serial-to-parallel 
converting means includes a pair of transfer 
sections coupled to each output of the plurality 
of said horizontal shift registers of said imaging 
section and a channel provided between the 
pair of said transfer sections and controlled by 
a gate voltage. 

4. A charge coupled device image sensor accord- 
ing to claim 2, in which the pair of transfer 
sections of said serial-to-parallel converting 
means are coupled to corresponding gate por- 
tions of said storage section. 

5. A charge coupled device image sensor accord- 



ing to claim 1, in which said storage section is 
divided into two portions and said two portions 
are provided at both sides of said imaging 
section. 
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© A charge coupled device image sensor is com- 
prised of an imaging section (31) including a plurality 
of photoelectric converting sections (34) arrayed in a 
matrix configuration for generating signal charges 
and a plurality of horizontal shift registers (35) ar- 
ranged between the horizontal rows of the pho- 
toelectric converting sections (34) for transferring the 
signal charges via a readout section in the horizontal 
direction, a storage section having a plurality of 
horizontal shift registers (43ai...) for transferring the 



signal charges in the horizontal direction and in the 
vertical direction line by line, a readout section (33) 
coupled to the storage section and including a plu- 
rality of horizontal shift registers for reading out 
signal charges from the storage section, and a 
serial-to-parallel converting section (48) provided be- 
tween the imaging section and the storage .section 
for storing one-line of signal charges from the imag- 
ing section into double-line of image signal. 
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